Bats may exhibit different patterns of activity, considering aspects concerning niche dynamics as well as the establishment and permanence of the communities in the ecosystems. In this way, the present study analyzed the time and seasonal patterns of activity in different species of frequent phyllostomid bats in remnants of the stational semidecidual forest from the Upper Paraná River, Southern Brazil. Captures were performed between January and December, 2006, using 32 mist nets set above the soil along the nocturnal period during the four seasons of the year. The daily and seasonal patterns of activity of each species was modeled using generalized linear models with Poisson error. The best model was selected using Akaike's Information Criterion (AICc). Artibeus planirostris (Spix, 1823) did not exhibit a conspicuous time pattern, whereas A. lituratus (Olfers, 1818) was more frequent after the sixth hour and A. fimbriatus Gray, 1838 had an activity increase along the night. Platyrrhinus lineatus (E. Geoffroy, 1810) was registered during all sampling hours. Carollia perspicillata (Linnaeus, 1758) and Sturnira lilium (E. Geoffroy, 1810) were the most active during the first four hours. Concerning seasonal pattern, the highest activity of these species was verified during the summer. These data contribute to the information about the ecology of bats in the region, highlighting the high adaptive potential of the species studied in relation to the use of space throughout the night and in to variations in environmental conditions. Keywords: phyllostomid bats, time activity, seasonal activity, stational semidecidual forest.
ecologically similar species (Marinho-Filho and Sazima, 1989; Muller and Reis, 1992; Pedro, 1992; Pedro and Taddei, 1997, 2002) .
In this way, the present study assumed that there is a variation in the time and seasonal pattern of activity of frugivorous phyllostomid, with highest activity during the first hours of the night in the summer, at remnants from the stational semidecidual forest of the Upper Paraná River, Brazil.
Material and Methods
The study was accomplished in the area that encompasses the upper stretch of the Paraná River. The climate is classified as humid subtropical mesothermic (Cfa), with mean temperatures, in winter, lower than 18 ºC, with uncommon frosts; and during the summer, higher than 22 ºC and tendency of rainfall concentrations (Agostinho and Zalewski, 1996) . The annual precipitation ranges from 1,400 mm to 1,500 mm (IAPAR, 1994) .
The area is formed by stational semidecidual forest (Campos and Souza, 1997) . The identified families and that best represent the species richness are: Leguminosae (12.6%), Poaceae (7.1%), Euphorbiaceae (5.4%), Rubiaceae (4.9%), Cyperaceae (4.1%), Myrtaceae (5.4%) and Asteraceae (3.1%) (Souza and Kita, 2002) .
Samplings were carried out in four fragments: 1) Field station (22 o 45'S and 53 o 15'W): degraded forest remnant in recovering process of about 1.7 ha, located in the neighborhood of the Caracu stream, a small tributary in the left bank of the Upper Paraná River, situated at Porto Rico County, Paraná State, in the surroundings of the Field Station of the Universidade Estadual de Maringá ; 2) Mutum Island (22 o 48'18"S and 53 o 13'26"W): located between the Taquaruçu (Mato Grosso do Sul State) and Porto Rico (Paraná State) municipal districts. The total area with approximately 1,012 ha is characterized by changes in the vegetation, produced by unruly processes of deforestation and soil use. The island is formed by several fragments and the sampling stations comprised about 1.5 ha (Correa, 1998) '34"W): this forest remnant is in the right bank of the Baía River, one of the main affluent of the right bank of the Upper Paraná River, and is divided in a very disturbed area and another less disturbed one, and is isolated by a matrix for the cultivation of exotic fruit species, pasture and natural regeneration, with 1.22 ha (Souza, 2004) (Figure 1) .
To capture the bats, 32 mist nets were employed, with 8.0 m × 2.5 m, resulting in 640 m 2 h per hour and totaling a capture effort of 87,040 m 2 h (Straube and Bianconi, 2002) , the nets were set between 0.5 and 3.0 m from the soil, favoring the capture of frugivorous phyllostomids, that due to the higher food availability, frequent the stratum
Introduction
In Brazil, about 25% of mammal species belongs to Chiroptera Order (Reis et al., 2006) , distributed in nine families, 64 genera and 167 species; this group is represented throughout every Brazilian territory, ocurring in Amazonian, Cerrado, Atlantic forest, Pantanal and Caatinga .
The chiropterans are easily found in forests and present wide diversity regarding ecological aspects, as selection of diet, shelter and habitat and they have been considered as important environmental indicators of altered areas (Fenton et al., 1992; Medellín et al., 2000; Peters et al., 2006) . Among the functions carried out in ecosystems by interacting with other organisms, there is important role in pollination (Gardner, 1977) , seed dispersal (Van Der Pjil, 1957) and in the natural control of insects (Goodwin and Greenhall, 1961) .
The habitat fragmentation process is a crucial aspect to be considered when preserving the wild life, since the reduction of the environments in smaller areas results in a limitation of essential resources to the species maintenance, as food, reproductive partners and shelter (Pires et al., 2006) . Additionally, the alteration in the microclimate of these areas originated by the anthropogenic activity has caused changes in temperature, luminosity and humidity (Odum and Barrett, 2007) , conditions that may influence the bats activities (Thies et al., 2006) . Moreover, according to Agosta et al. (2005) , intrinsic characteristics of the species may result in distinct activity patterns.
The knowledge about the time and season with highest activity of bats is critical to define actions to preserve this group (Goiti et al., 2006) , considering the importance of these animals in the maintenance of several ecological processes, as pollination, seed dispersal ( Van der Pjil, 1957) and natural control of insects (Goodwin and Greenhall, 1961) .
Many studies investigating the time activity (Reis, 1984; Muller and Reis, 1992; Fogaça, 2003; Zanon and Reis, 2007; Ortêncio Filho and Reis, 2008) only focus the first hours after the nightfall, according to Brown (1968) and Laval (1970) , and emphasize that the first hours of the night comprise the period with the highest bats activity in Neotropical region. Sipinski and Reis (1995) observed that researches performed during three sampling hours after the nightfall were enough for basic studies of bats ecology.
Others studies demonstrated variations in the activity time of chiropterans, focussing on the possibility of more than one peak throughout nocturnal period (Morrison, 1978; Pedro, 1992; Pedro and Taddei, 2002; Bernard, 2002) , which highlight the need to sample such pattern throughout entire night period.
Several issues related to the bats ecology may be understood from information about time and seasonal patterns of activity, as environment exploitation, diet and reproduction, which allow the knowledge about the niche dynamics and the establishment and permanence of communities within the ecosystems (Pianka, 1969; Schoener, 1974) , besides contributing for the distinction of from January to December, 2006, beginning from the moment when the light intensity was lower than 5 Lux, and ending when the same reached value higher than the previously cited, determined using the digital Minipa  luximeter (MLM-1010). Thus, between April and August, the number of sampling hours was 12 hours and in the rest of the months, the sampling time was 11 hours, except in January, when the time was ten hours. The four seasons of the year were defined as: summer -January to March; autumn -April to June; winter -July to September and spring -October to December.
The studies were conducted to compare the pattern of time and seasonal activity of the most frequent frugivorous species. These species were divided into two categories: larger species (forearm between 59.4 and 75.0 mm) and smaller species (forearm between 38.0 and 50.0 mm), as it is the case of Artibeus planirostris (Spix, 1823), Artibeus lituratus (Olfers, 1818) and Artibeus fimbriatus Gray, 1838 and Sturnira lilium (E. Geoffroy, 1810), Carollia perspicillata (Linnaeus, 1758) and Platyrrhinus lineatus (E. Geoffroy, 1810), respectively (Ortêncio Filho and Reis, 2008) .
The air temperature was measured at the beginning and at the end of the samplings, using psicrometer, and the precipitation data were provided by the Instituto corresponding to the sub-forest (Pedro, 1998) . The capture methods were based on Greenhall and Paradiso (1968) , with the nets set in the places with high preference of bats in their displacements, as forest clearings, little busy roads, trails and waterways, and inspected every 15 minutes, following criteria of Reis (1984) .
After the capture, the measure of the forearm and the weight were taken and then the species identification was made. Two individuals from each species were deceased with intraperitoneal dose of sodium tiopenthal (Ortêncio Filho et al., 2005) , and fixed in formaldehyde 10% during 48 hours and, afterwards preserved in alcohol 70%. The specimens were identified using stereoscopic microscope, according to Vizotto and Taddei (1973) , Jones and Carter (1976) and Gregorin and Taddei (2002) , confirmed by the Professor Dr. Adriano Lucio Peracchi (Universidade Federal Rural do Rio de Janeiro) and settled in the Laboratório de Zoologia from the Universidade Paranaense, Campus Cianorte.
All the captured bats were labeled with identification aluminum rings (Etiquetal-models 3.5 and 4.0), in their left forearm, allowing the verification of possible recaptures.
In order to analyze the pattern of time and seasonal activity of the bats, samplings were performed during one night per month, including the entire night period, for the adjusted generalized linear models. The model with the lowest AICc represented the most parsimonious explanation of the data.
Results
During the sampling period, 512 bats captures were recorded. Artibeus planirostris was represented by 137 individuals (26.8%), A. lituratus by 120 (23.4%) and A. fimbriatus, by 32 bats (6.3%), while Carollia perspicillata, Platyrrhinus lineatus and Sturnira lilium were the smaller species among the most frequent ones with 120 (23.4%), 61 (11.9%) and 42 (8.2%) individuals.
In general, the captured bats in the Porto Rico region presented activity peaks in the fourth (total number of captures, n = 66) and tenth hours (n = 53). Peaks of capture for larger frugivorous occurred during the fifth (n = 30) and tenth (n = 35) hours, whereas for the smaller ones, the peaks were observed in the second (n = 29) and fourth (n = 37) hours.
Artibeus planirostris did not present a clear time pattern (Table 1) , with significant differences among some hours and higher activity during the fourth (n = 16), eighth (n = 17) and tenth (n = 21) hours. Artibeus lituratus, species with occurrence during the entire night period, had a great number of captures in the sixth (n = 12), seventh (n = 15) and eleventh (n = 18) hours, with significant tendency of increase in the activity over the night only during the spring and autumn. Artibeus fimbriatus presented a significant increase in its activity over the night (Table 1 ) and the hours with the highest number of captures were the fifth and ninth, both with five individuals, and the sixth and the eleventh, each one, with four individuals (Figure 2) .
Regarding the smaller species, P. lineatus was captured during all sampling hours, with the highest number of occurrences in the third (n = 7), sixth (n = 6), seventh (n = 6) and ninth (n = 8) hours, however without significant differences (Table 1 ). For C. perspicillata the influence of time on this activity was found, with a significant pattern of decrease in Tecnológico SIMEPAR. The air temperature ranged from 10.0 °C (August) to 31.3 °C (December) with annual mean of 21.5 °C. The driest months were from April to June, with the lowest precipitation in May (16.2 mm), and the highest ones were verified from January to March and a peak during December (259.0 mm). The greatest precipitation levels coincided to the warmest months.
To statistically model the data, GLMs -generalized linear models were used (McCullagh and Nelder, 1989) . The Poisson distribution (likelihood function) was assumed. The linkage function, which connects the expected value for the data to the linear predictors, was a log function. This function assures that all adjusted values are positive.
The Poisson function is described by the following equation:
where: e is the Napierian logarithm basis (e = 2.71828...); λ -is the parameter of the function; k -is the number of the occurrences of one event, whose probability is calculated by the function; and k! -is the factorial of k Both the expected value for the Poisson distribution and its variance are given by the parameter λ. The expected value was modeled in several ways for each species, including combinations of independent variables, 'hour' and 'season'. The variable 'hour' was modeled in two ways, as a discrete and as a continuous variable. When included as a discrete variable, m-1 parameters are estimated by the model, where m is the number of levels for the variable. When modeled as a continuous variable, the time was included in the model in two ways: with values from one to 12 indicating the first until the twelfth hour of observations, or as a polynomial. The polynomials were orthogonal decompositions of the time in two or three new variables, but present the desirable performance without the occurrence of correlation among them (Chambers and Hastie, 1992) . The model that best explained the activity tendency was chosen using the Akaike's Information Criterion for small samples (AICc) summer (n = 90) and spring (n = 75), similar situation for the smaller ones, more frequent in the summer (n = 82) and autumn (n = 73).
Analyzing the seasonal pattern of activity (Figure 4) , A. planirostris presented more occurrences during the summer (n = 44) and winter (n = 40), nevertheless, without a remarkable pattern over the night, in view of the occurrence of significant differences for the first hours and not significant for the middle of the night. Artibeus lituratus was significantly represented by specimens in the spring (n = 45) and summer (n = 40). Otherwise, A. fimbriatus was significantly recorded in the autumn (n = 15) and winter (n = 11).
For the smaller frugivorous, the highest values of occurrence were verified in the summer and autumn ( Figure 5 ). Platyrrhinus lineatus presented number of individuals of 23 and 17, C. perspicillata, 43 individuals the activity over the time (Table 1) , and greater number of individuals during the first four hours and capture peak in the first (n = 16), second (n = 17) and fourth (n = 23) and a new increase in the tenth hour, followed by subsequent reduction. Similar situation was verified for S. lilium that presented a significant decrease in activity (Table 1) , at least during the summer and winter, with catches for the same hours with five, eight and ten individuals and a new peak in the eleventh hour (Figure 3) .
In relation to the seasonal pattern, the models for all species included the factor season (Table 1) and, in general, the highest activity of bats was registered during the summer (n = 198) and autumn (n = 133). It was observed the predominance of larger frugivorous in the Platyrrhinus lineatus activity was constant during the night, probably due to the resource partitioning, since this species feed mainly on fruits composed preferentially by those from the families Moraceae e Cecropiaceae (Willig and Hollander, 1987) , and insects, as Artibeus.
Carollia perspicillata and S. lilium had highest activity during the first four hours, with a peak in this last one. Pedro and Taddei (1997) , in a Cerrado area, found no difference in the time activity for these species.
In other researches in areas of stational semidecidual forest, Marinho Filho and Sazima (1989) registered C. perspicillata throughout the nocturnal period, with the highest number of catches at the second hour after the nightfall, whereas S. lilium presented the highest activity between the fourth and fifth hours; Muller and Reis (1992) did not observe difference in the time activity for these species whereas Aguiar and Marinho Filho (2004) verified higher number of catches at the second hour, and Ortêncio Filho and Reis (2008) , at the fourth hour after the nightfall, probably due to questions related to the species biology, or to differences in relation to feeding preference (Pedro, 1992) .
Because P. lineatus, C. perspicillata and S. lilium seek after different food resources, i.e., fruits of Moraceae and Cecropiaceae for the first species and Piperaceae and Solanaceae for the others, respectively (Nowak, 1994; Marinho Filho and Sazima, 1989; Muller and Reis, 1992; Zanon and Reis, 2007) , the foraging time may be similar, because there is no competition. Nevertheless, Aguiar and Marinho Filho (2004) observed that, in a fragment from Atlantic Forest, C. perspicillata was more active when S. lilium was less frequent.
Other explanation for the occurrence of these animals during the entire night would be the small size and frugivorous habit, creating a situation of constant energetic stress (Thies et al., 2006) , since these species present restrict ability to store fat (McNab, 1976) .
In accordance to Brown (1968) and Laval (1970) , the bats from the Neotropical region present higher activity during the first hours after the nightfall, probably, due to the fruits availability that are not replaced in the same night and, hence, the animals foraging earlier have more chance to find food (Heithaus et al., 1975) . The time and the hour of activity are also influenced by the shelter proximity in relation to food sources, as well as by the environmental conditions, as temperature and humidity (Fenton and Kunz, 1977) .
In relation to the bats periodicity, according to the year seasons, the warmer and wetter periods are commonly characterized, in tropical regions, by the abundance of frugivorous species (Heithaus et al., 1975) , due to resource availability (Fleming, 1986) , as observed in this study. Thehighest number of individuals occurred during the summer, which indicates a variation in the supply of food resources among the seasons, interfering in activity patterns of the species in the area. Additionally, in agreement with Aguirre et al. (2003) , who studied forest environments, bats with more dependence of resources that varies seasonally, in both seasons and S. lilium, 16 and 13, respectively. The spring was, significantly, the season with the lowest occurrence for P. lineatus (n = 1) and the winter, for C. perspicillata (n = 6) and S. lilium (n = 4).
Discussion
The region of Porto Rico County encompasses areas with advanced stage of degradation, which, according to Reis et al. (2000) , contribute for the disappearance of species sensible to anthropogenic impacts and favor the establishment of generalist ones.
Among the frugivorous bats, it was not verified the occurrence of well defined catch peaks, because the samplings were performed throughout the nocturnal period. Such result may indicate the coexistence among these species similar in diversified diet or by the sufficient amount of certain common items, avoiding the exhaustion in a same night (Muller and Reis, 1992) . Bernard (2002) observed, in the Amazon Forest, low number of individuals of Artibeus genus after the nightfall and greater activity near dawn, whereas Marinho Filho and Sazima (1989) registered A. lituratus and A. planirostris during the entire night, however, with a peak between the third and fifth hours.
In other studies focusing the first middle of the nocturnal period, it was observed for A. lituratus, in a dense rain forest of lowlands in the Paraná State, higher catches frequency in the first and fifth hours (Fogaça, 2003) . In other region with the same vegetation, two activity peaks were recorded for the species, one of them between the first and second hours after the nightfall and the other at forth hour (Oprea et al., 2007) . In areas of stational semidecidual forest, capture peaks for this species were registered at forth hour after the nightfall (Marinho Filho and Sazima, 1989) , between the second and third hours for A. lituratus and A. fimbriatus (Aguiar and Marinho Filho, 2004) , and during the first and forth hours for the same two species, with a subtle increase in the third hour for A. fimbriatus (Ortêncio Filho and Reis, 2008) .
The species from the Artibeus genus present generalist feeding habits, compounded by fruits of several species, with preference to Cecropiaceae and Moraceae, besides flowers, leaves and insects, which, combined to the large size, give them great adaptive success (Zortéa, 2007) and the ability to forage during different times of the night, they are also favored in anthropogenic impacted environments (Estrada and Coates Estrada, 2002) . According to the same authors, other important factor would be that these animals can use several vegetation stratums.
Regarding the smaller species, activity during the entire night was observed, with peaks in the first and forth hours. This situation is probably related to a greater search for food in the first hours of the night. These animals spend the entire clear phase of the day in diurnal shelters, not feeding during this period, being under situations of energetic stress, which is associated to their smaller size. They may also compete with larger bats that use the same food resources.
The hypothesis that there is variation in time and seasonal pattern of activity of phyllostomid frugivorous bats in remnants of stational semidecidual forest from the Upper Paraná River, Brazil, was corroborated since the obtained data suggest a similar pattern of time activity for larger frugivorous species, whereas the smaller ones focused their activity in the first hours of night. Furthermore, more animals were captured during summer, probably in function of food resource availability, as well as the lower loss of heat due to higher temperatures. These results evidence the high adaptive potential of studied species to time variation and environmental conditions. as frugivores, tend to have greater variation in activity over the year, compared to species with more constant diets, as insectivores.
In general, the larger frugivorous species were more active in the summer and spring. Artibeus planirostris and A. lituratus presented higher activity in these seasons, while A. fimbriatus was more frequent in the autumn. In regions of stational semidecidual forest, Aguiar and Marinho Filho (2004) recorded higher occurrence of this genus at the end of dry season and over the rainy months, and Marinho Filho and Sazima (1989) verified activity peak of A. lituratus during the dry season. Galetti and Morellato (1994) emphasized that some Artibeus species generally consume fig tree fruits but common in the canopy. However, fig species do not fructify seasonally (Carauta and Diaz, 2002) , therefore, the highest frequency of these animals during the warmer periods suggests a stronger relationship of them to resources with seasonal variation.
In the colder months, bats from the Artibeus genus are less frequent, probably due to the absence of Cecropiaceae fruits, one of its main food resources together with the fruits of Ficus, causing their displacement to other areas to search for this food (Passos et al., 2003) . On the other hand, Fogaça (2003) , in the rain forest of lowlands, observed an activity peak in the autumn, and lower ones during the winter, spring and summer.
Overall, the capture peaks occurred in the summer and the lowest number of occurrences in the winter. Although the number of records for P. lineatus, C. perspicillata and S. lilium had decreased in the colder seasons, the occurrence of individuals from these species was registered throughout the year, similar result found by Pedro and Taddei (1997, 2002) , which observed the absence of temporal segregation based on annual activity for C. perspicillata and S. lilium. The variation in the number of catches according to the seasons may be associated to the dynamics of forest fragments and to the bats displacement (Aguiar and Marinho Filho, 2004) . Furthermore, the phyllostomids maintain the body temperature even when the environmental temperatures are low, which would cause a greater energy loss during the flight (Thies et al., 2006) , which is proven by the decrease in the captures in the colder months for C. perspicillata and S. lilium. Agosta et al. (2005) highlighted the temperature influence on the exit of bats from the shelter that support the results obtained in the present study, considering the decrease in the number of animals in the nets associated to the temperature drop. The values of capture for P. lineatus, higher in the summer, and lower in the spring and winter, may be related to the fruits availability used in its alimentation. Pedro and Taddei (2002) pointed that, in periods of absence of these components in the diet, the species search other regions where these resources are available. The same authors, in a Cerrado area, reported that S. lilium and P. lineatus were more active during the wettest and warmest month due to the fruits availability.
